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LED PACKAGE HAVING AN ARRAY OF 
LIGHT EMITTING CELLS COUPLED IN 

SERIES 

TECHNICAL FIELD 

The present invention relates to a light emitting diode 
(LED) package, and more particularly, to an LED package 
having an array of light emitting cells coupled in series, which 
can be directly connected to and driven by an AC power 
source. 

BACKGROUND ART 

Since light emitting diodes (LEDs) can realiZe colors, they 
have been widely used for indicating lamps, electric display 
boards and displays. The LEDs have also been used for gen 
eral illumination because they can realiZe white light. Since 
such LEDs have high ef?ciency and longer life span and are 
environment-friendly, their applicable ?elds have been con 
tinuously expanded. 

Meanwhile, an LED is a semiconductor device which is 
formed of a p-n junction structure of semiconductors and 
emits light through recombination of electrons and holes. In 
general, the LED is driven by a current ?owing in a direction. 
Thus, when the LED is driven using an AC power source, 
there is a need for an AC/ DC converter for converting an AC 
current to a DC current. With the use of an AC/DC converter 

together with LEDs, installation costs of LEDs increase, 
which makes it dif?cult to use the LEDs for general illumi 
nation at home. Therefore, to use LEDs for general illumina 
tion, there is a need for an LED package capable of being 
directly driven using an AC power source without an AC/DC 
converter. 

Such an LED lamp is disclosed in US. Pat. No. 5,463,280 
entitled “LIGHT EMITTING DIODE RETROFIT LAMP” 
issued to James C. Johnson. The LED lamp includes a plu 
rality of light emitting diodes coupled in series, a means for 
limiting a current, and a diode bridge. Since anAC current is 
converted to a DC current through the diode bridge, the LED 
lamp can be driven by an AC power source. 

However, since the LED lamp have serially coupled LEDs 
with individual LED chips mounted thereon, the process of 
coupling the LEDs is complicated, and the siZe of the LED 
lamp considerably increases since the LEDs occupy a large 
space. 

In the meantime, since the luminous power of an LED is 
substantially in proportion to an input power, increase of 
electric power to be input into the LED enables high luminous 
power. However, the junction temperature of the LED 
increases due to the increase of the input electric power. The 
increase of the junction temperature of the LED results in 
decrease of photometric ef?ciency that represents the degree 
of conversion of input energy into visual light. Therefore, it is 
necessary to prevent the junction temperature of the LED 
from rising due to the increased input power. 

Technical Problem 

An object of the present invention is to provide a light 
emitting diode (LED) package, which can be driven using an 
AC power source without an external AC/DC converter and 
thus can be miniaturized. 

Another object of the present invention is to provide an 
LED package of which fabricating processes can be simpli 
?ed and which is advantageous to mass production. 
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2 
A further object of the present invention is to provide an 

LED package, which can improve photometric ef?ciency by 
easily dissipating generated heat and has a stable structure. 

Technical Solution 

In order to achieve these objects of the present invention, 
the present invention provides an LED package having an 
array of light emitting cells coupled in series. An LED pack 
age according to an aspect of the present invention comprises 
a package body, and an LED chip mounted on the package 
body. The LED chip has an array of light emitting cells 
coupled in series. Since the LED package according to this 
aspect of the present invention mounts the LED chip having 
the array of light emitting cells coupled in series thereon, it 
can be driven directly using an AC power source. 

Here, the term “light emitting cell” means a minute LED 
formed in a single LED chip. Although an LED chip generally 
has only one LED, the LED chip of the present invention has 
a plurality of light emitting cells. 

In embodiments of the present invention, the LED chip 
comprises a substrate and a plurality of light emitting cells 
formed on the substrate. The light emitting cells are electri 
cally insulated from the substrate. 

In some embodiments of the present invention, the LED 
chip may comprise wires for electrically connecting the light 
emitting cells to one another in series. The array of light 
emitting cells coupled in series is formed by the light emitting 
cells and the wires. 

In other embodiments of the present invention, a submount 
may be interposed between the LED chip and the package 
body. The submount may have electrode patterns correspond 
ing to the light emitting cells, and the electrode patterns may 
couple the light emitting cells to one another in series. As a 
result, the array of light emitting cells coupled in series is 
formed by the light emitting cells and the electrode patterns. 

Further, the LED chip may further comprise a recti?cation 
bridge unit for applying predetermined recti?ed power to the 
array of light emitting cells coupled in series. Accordingly, 
the LED chip can be driven using an AC power source. 

Meanwhile, the LED chip may further comprise one or 
more arrays of light emitting cells coupled in series. The 
arrays of light emitting cells coupled in series may be con 
nected to one another in reverse parallel. Accordingly, the 
LED chip can be driven using anAC power source without a 
recti?cation bridge unit or an AC/ DC converter. 
An encap sulant and/ or a molding member may encapsulate 

the LED chip. The encapsulant and/or molding member pro 
tect the LED chip against moisture or external forces. The 
terms “encapsulant” and “molding member” herein are used 
without any differences from each other. However, in some 
embodiments, they are used together for discriminately refer 
ring to components. 

Meanwhile, the LED package may further comprise a 
phosphor for converting the wavelength of light emitted from 
the LED chip. The phosphor may be incorporated in the 
molding member, or it may be located between the molding 
member and the LED chip, or on the molding member. With 
appropriate selection of the phosphor, it is possible to provide 
a LED package that can realiZe light with various colors or 
white light. 

Meanwhile, the package body may have various structures. 
For example, the package body may be a printed circuit 

board (PCB) with lead electrodes. The LED chip is electri 
cally connected to the lead electrodes. In addition thereto, a 
re?ective portion may be located on the PCB to re?ect light 
emitted from the LED chip and incident thereon. 
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Moreover, the LED package may further comprise a pair of 
lead frames spaced apart from each other, and a heat sink. The 
package body supports the pair of lead frames and the heat 
sink. The package body may have an opening for exposing a 
portion of each of the lead frames and an upper portion of the 
heat sink. Meanwhile, the LED chip is mounted on the heat 
sink. By employing the heat sink, heat generated from the 
LED chip can be easily dissipated. 

In some embodiments of the present invention, the heat 
sink may be connected directly to one of the lead frames at a 
side surface thereof and spaced apart from the other of the 
lead frames. Accordingly, the heat sink can be prevented from 
being separated from a package body, thereby providing an 
LED package that is stable in vieW of its structure. 

In addition thereto, the heat sink may comprise a base and 
a protrusion protruding upWardly at a central portion of the 
base. Accordingly, the area of a heat dissipation surface 
increases so that heat can be easily dissipated and the siZe of 
an LED package can be minimiZed as Well. The protrusion 
may protrude beyond a top surface of the package body. 

Further, the heat sink may have a lead frame-receiving 
groove for receiving one of the lead frames at a side surface of 
the protrusion. The directly connected lead frame may be 
inserted into the lead frame-receiving groove. On the con 
trary, the heat sink and the lead frame connected directly to 
the heat sink may be formed integrally With each other. 

In other embodiments of the present invention, the package 
body has a through-hole exposed through the opening. Fur 
ther, the pair of lead frames have a pair of inner frames 
exposed inside the opening of the package body, and outer 
frames extending from the respective inner frames and pro 
truding to the outside of the package body. In addition thereto, 
the heat sink is combined With a loWer portion of the package 
body through the through-hole. 

In addition, the heat sink may comprise a base combined 
With the loWer portion of the package body, and a protrusion 
protruding upWardly at a central portion of the base and 
coupled With the through-hole. Further, the heat sink may 
have a latching step at a side surface of the protrusion. The 
latching step is caught by an upper surface of the package 
body or inserted into a sideWall de?ning the through-hole so 
that the heat sink is prevented from being separated from the 
package body. 

According to another aspect of the present invention, there 
is provided an LED lamp on Which an LED chip With an array 
of light emitting cells coupled in series is mounted. The LED 
lamp comprises a ?rst lead having a top portion and a pin-type 
or snap-type leg extending from the top portion, and a second 
lead arranged to be spaced apart from the ?rst lead and having 
a pin-type or snap-type leg corresponding to the ?rst lead. The 
LED chip With the array of light emitting cells coupled in 
series is mounted on the top portion. Meanwhile, bonding 
Wires electrically connect the LED chip to the ?rst lead and 
the second lead, respectively. In addition, a molding member 
encapsulates the top portion of the ?rst lead, the LED chip and 
a portion of the second lead. According to this aspect, by 
mounting the LED chip With the array of light emitting cells 
coupled in series, it is possible to provide an LED lamp that 
can be driven using an AC poWer source Without an AC/DC 
converter. 

The top portion of the ?rst lead may have a cavity, and the 
LED chip may be mounted inside the cavity. 

MeanWhile, if the ?rst and second leads have pin-type legs, 
each of the ?rst and second leads may have tWo pin-type legs. 
Such an LED lamp is generally knoWn as a high ?ux LED 
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4 
lamp. Thus, according to this aspect, it is possible to provide 
a high ?ux LED lamp Which can be driven using anAC poWer 
source. 

Furthermore, a heat sink may extend from the top portion 
of the ?rst lead in parallel With the leg of the ?rst lead. The 
heat sink easily dissipates heat generated from the LED chip, 
thereby improving the photometric ef?ciency of the LED 
lamp. Further, the heat sink may have grooves on the surface 
thereof. The grooves increase the surface area of the heat sink, 
thereby more enhancing heat dissipation performance. 

In embodiments of this aspect, the LED chip comprises a 
substrate and a plurality of light emitting cells formed on the 
substrate. The light emitting cells are electrically insulated 
from the substrate. 

In some embodiments of this aspect, the LED chip may 
comprise Wires for connecting the light emitting cells to one 
another in series. 

In other embodiments of this aspect, a submount may be 
interposed betWeen the LED chip and the top portion. The 
submount may have electrode patterns corresponding to the 
light emitting cells, and the electrode patterns may connect 
light emitting cells to one another in series. 

MeanWhile, the LED chip may further comprises a recti? 
cation bridge unit for applying predetermined recti?ed poWer 
to the array of light emitting cells coupled in series. 

Further, the LED chip may further comprise one or more 
arrays of light emitting cells coupled in series. The arrays of 
light emitting cells coupled in series may be connected to one 
another in reverse parallel. 

MeanWhile, the LED lamp may further comprise a phos 
phor for converting the Wavelength of light emitted from the 
LED chip. The phosphor may be dispersed in the molding 
member, or may be located betWeen the molding member and 
the LED chip or on the molding member. 

According to a further aspect of the present invention, there 
is provided an LED package having light emitting cells 
coupled in series. The LED package comprises a package 
body. A submount With electrode patterns is mounted on the 
package body. MeanWhile, the light emitting cells are bonded 
to the electrode patterns of the submount. At this time, the 
light emitting cells are coupled to one another in series 
through the electrode patterns. In addition thereto, a molding 
member may encapsulate the light emitting cells. 

The package body may be a printed circuit board With lead 
electrodes, and the submount may be electrically connected 
to the lead electrodes. 

MeanWhile, the LED package according to this aspect may 
further comprise a pair of lead frames spaced apart from each 
other, and a heat sink. The package body supports the pair of 
lead frames and the heat sink, and it may have an opening for 
exposing a portion of each of the lead frames and an upper 
portion of the heat sink. Further, the submount may be 
mounted on the heat sink. 

According to a still further aspect of the present invention, 
there is provided an LED lamp having an array of light emit 
ting cells coupled in series. The LED lamp comprises a ?rst 
lead having a top portion and a pin-type or snap-type leg 
extending from the top portion, and a second lead arranged to 
be spaced apart from the ?rst lead and having a pin-type or 
snap-type leg corresponding to the ?rst lead. MeanWhile, a 
submount With electrode patterns is mounted on the top por 
tion. In addition thereto, the light emitting cells are bonded to 
the electrode patterns of the submount. At this time, the light 
emitting cells are coupled to one another in series through the 
electrode patterns. Further, bonding Wires electrically con 
nect the submount to the ?rst and second leads, respectively. 
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Meanwhile, a molding member encapsulates the top portion 
of the ?rst lead, the light emitting cells and a portion of the 
second lead. 

Advantageous Effects 

According to the present invention, it is possible to provide 
an LED package and an LED lamp, Which can be driven using 
anAC poWer source Without an external AC/ DC converter and 
thus can be miniaturized. Further, since light emitting cells 
formed on a single substrate are employed, the process of 
fabricating a package can be simpli?ed and thus is advanta 
geous to mass production. Moreover, since generated heat 
can be easily dissipated by employing the heat sink, the 
photometric ef?ciency of the light emitting cells can be 
improved. Furthermore, since the heat sink can be prevented 
from being separated from the package body, it is possible to 
provide an LED package that is stable in vieW of its structure. 

DESCRIPTION OF DRAWINGS 

FIGS. 1 and 2 are sectional vieWs illustrating light emitting 
diode (LED) chips each of Which has an array of light emit 
ting cells coupled in series, Which are applicable to embodi 
ments of the present invention. 

FIGS. 3 to 5 are sectional vieWs illustrating arrays of light 
emitting cells coupled in series through electrode patterns of 
a submount, Which are applicable to embodiments of the 
present invention. 

FIGS. 6 and 7 are circuit diagrams illustrating arrays of 
light emitting cells according to embodiments of the present 
invention. 

FIGS. 8 to 10 are sectional vieWs illustrating LED pack 
ages according to embodiments of the present invention. 

FIG. 11 is a sectional vieW illustrating an LED package on 
Which a plurality of light emitting devices With an array of 
light emitting cells coupled in series are mounted. 

FIGS. 12 and 13 are sectional vieWs illustrating LED pack 
ages each of Which employs a heat sink, according to some 
embodiments of the present invention. 

FIGS. 14 to 18 are vieWs illustrating LED packages each of 
Which employs a heat sink, according to other embodiments 
of the present invention. 

FIGS. 19 to 23 are vieWs illustrating LED packages each of 
Which employs a heat sink, according to further embodiments 
of the present invention. 

FIG. 24 is a sectional vieW illustrating an LED lamp having 
light emitting cells coupled in series according to an embodi 
ment of the present invention. 

FIGS. 25 to 32 are vieWs illustrating high ?ux LED lamps 
according to other embodiments of the present invention. 

FIG. 33 and FIG. 34 are sectional vieWs illustrating a light 
emitting device having a plurality of light emitting cells 
mounted on a submount substrate according to exemplary 
embodiments of the present invention. 

BEST MODE 

Hereinafter, preferred embodiments of the present inven 
tion Will be described in detail With reference to the accom 
panying draWings. The folloWing embodiments are provided 
only for illustrative purposes so that those skilled in the art can 
fully understand the spirit of the present invention. Therefore, 
the present invention is not limited to the folloWing embodi 
ments but may be implemented in other forms. In the draW 
ings, the Widths, lengths, thicknesses and the like of elements 
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6 
are exaggerated for convenience of illustration. Like refer 
ence numerals indicate like elements throughout the speci? 
cation and draWings. 

<Array of Light Emitting Cells Coupled in Series> 
A light emitting diode (LED) package according to the 

present invention includes an array of light emitting cells 
coupled in series. FIGS. 1 to 5 are sectional vieWs illustrating 
arrays of light emitting cells coupled in series, Which are 
applicable to embodiments of the present invention. Here, 
FIGS. 1 and 2 are sectional vieWs illustrating LED chips each 
of Which has an array of light emitting cells coupled in series 
through Wires, FIGS. 3 and 5 are sectional vieWs illustrating 
LED chips each of Which has an array of light emitting cells 
coupled in series through electrode patterns of a submount, 
and FIG. 4 is a sectional vieW illustrating an array of light 
emitting cells coupled in series through electrode patterns of 
a submount. 

Referring to FIGS. 1 and 2, an LED chip of the present 
invention is formed on a substrate 20 and has a plurality of 
light emitting cells 100-1 to 100-n coupled to one another in 
series through Wires 80-1 to 80-n. That is, the LED chip 
comprises the plurality of light emitting cells 100 in Which 
N-type semiconductor layers 40 and P-type semiconductor 
layers 60 of the adjacent light emitting cells 100-1 to 100-n 
are electrically connected, an N-type pad 95 is formed on the 
N-type semiconductor layer 40 of a light emitting cell 100-n 
located at one end of the LED chip, and a P-type pad 90 is 
formed on the P-type semiconductor layer 60 of a light emit 
ting cell 100-1 located at the other end thereof. 
The N-type semiconductor layers 40 and the P-type semi 

conductor layers 60 of the adjacent light emitting cells 100-1 
to 100-n are electrically connected to each other through the 
metal Wires 80 to form an array of the light emitting cells 
coupled in series. The light emitting cells 100-1 to 100-n can 
be coupled in series as many as the number of light emitting 
cells that can be driven by anAC poWer source. In the present 
invention, the number of the light emitting cells 100 coupled 
in series is selected according to a voltage/current for driving 
a single light emitting cell 100 and an AC driving voltage 
applied to an LED chip for illumination. 

In the LED chip With ?rst to n-th light emitting cells 100-1 
to 100-n coupled in series, as shoWn in FIG. 1, the P-type pad 
90 is formed on the P-type semiconductor layer 60 of the ?rst 
light emitting cell 100-1, and the N-type semiconductor layer 
40 of the ?rst light emitting cell 100-1 and the P-type semi 
conductor layer 60 of the second light emitting cell 100-2 are 
connected through a ?rst Wire 80-1. Further, the N-type semi 
conductor layer 40 of the second light emitting cell 100-2 and 
the P-type semiconductor layer (not shoWn) of the third light 
emitting cell (not shoWn) are connected through a second 
Wire 80-2. An N-type semiconductor layer (not shoWn) of the 
(n—2)-th light emitting cell (not shoWn) and a P-type semi 
conductor layer 60 of the (n—l)-th light emitting cell 100-n-l 
are connected through an (n—2)-th Wire 80-n-2, and an 
N-type semiconductor layer 40 of the (n—l)-th light emitting 
cell 100-n-l and a P-type semiconductor layer 60 of the n-th 
light emitting cell 100-n are connected through an (n—l)-th 
Wire 80-n-l. Further, the N-type pad 95 is formed on the 
N-type semiconductor layer 40 of the n-th light emitting cell 
100-n. 
The substrate 20 in the present invention may be a substrate 

on Which a plurality of LED chips can be fabricated. Here, 
positions designated by “A” as shoWn in FIGS. 1 and 2 refer 
to cutting positions for cutting the substrate into discrete LED 
chips. 

Further, the aforementioned LED chip may have recti?ca 
tion diode cells for rectifying an external AC voltage. The 
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diode cells are connected in the form of a recti?cation bridge 
to form a bridge recti?er. The bridge recti?er is arranged 
between an external power source and the array of light emit 
ting cells coupled in series. Accordingly, a current ?owing in 
a certain direction is supplied to the array of light emitting 
cells coupled in series. The recti?cation diode cells may have 
the same structures as those of the light emitting cells. In other 
words, the recti?cation diode cells may be formed through the 
same process as the light emitting cells. 

Meanwhile, at least two arrays of light emitting cells 
coupled in series may be formed on the substrate. The arrays 
may be connected in reverse parallel to each other to be 
alternately driven by an AC power source. 
A method of fabricating an LED chip having the light 

emitting cells coupled in series will be described below. 
A buffer layer 30, an N-type semiconductor layer 40, an 

active layer 50 and a P-type semiconductor layer 60 are 
sequentially grown on a substrate 20. A transparent electrode 
layer 70 may further be formed on the P-type semiconductor 
layer 60. The substrate 20 may be a substrate made of sap 
phire (A1203), silicon carbide (SiC), Zinc oxide (ZnO), silicon 
(Si), gallium arsenide (GaAs), gallium phosphide (GaP), 
lithium-alumina (LiAl2O3), boron nitride (BN), aluminum 
nitride (AlN) or gallium nitride (GaN), and the substrate 20 
may be selected depending on the material of a semiconduc 
tor layer formed thereon. The substrate 20 may be a sapphire 
substrate or a silicon carbide (SiC) substrate in a case where 
a GaN based semiconductor layer is formed thereon. 

The buffer layer 30 is a layer for reducing the lattice mis 
match between the substrate 20 and the subsequent layers 
upon growth of crystals, and may be, for example, a GaN ?lm. 
It is preferred that the buffer layer 30 is formed of an insulat 
ing layer in a case where a SiC substrate is a conductive 
substrate, and it may be formed of a semi-insulating GaN. The 
N-type semiconductor layer 40 is a layer in which electrons 
are produced and may be formed of an N-type compound 
semiconductor layer and an N-type cladding layer. At this 
time, the N-type compound semiconductor layer may be 
made of GaN doped with N-type impurities. The P-type semi 
conductor layer 60 is a layer in which holes are produced and 
may be formed of a P-type cladding layer and a P-type com 
pound semiconductor layer. At this time, the P-type com 
pound semiconductor layer may be made of AlGaN doped 
with P-type impurities. 

The active layer 50 is a region in which a predetermined 
band gap and a quantum well are formed so that electrons and 
holes are recombined, and may include an lnGaN layer. Fur 
ther, the wavelength of emitted light, which is generated due 
to the recombination of an electron and a hole, varies depend 
ing on the kind of a material constituting the active layer 50. 
Therefore, it is preferred that a semiconductor material com 
prised in the active layer 50 be controlled depending on a 
target wavelength. 

Thereafter, the P-type semiconductor layer 60 and the 
active layer 50 are patterned such that a portion of the N-type 
semiconductor layer 40 is exposed, using lithographic and 
etching techniques. Also, the exposed portion of the N-type 
semiconductor layer 40 is partially removed to electrically 
isolate the light emitting cells 100 from each other. At this 
time, as shown in FIG. 1, a top surface of the substrate 20 may 
be exposed by removing an exposed portion of the buffer 
layer 30, or the etching may be stopped at the buffer layer 30. 
In a case where the buffer layer 30 is conductive, the exposed 
portion of the buffer layer 30 is removed to electrically isolate 
the light emitting cells. 
By using the same process as the aforementioned fabricat 

ing process, diode cells for a recti?cation bridge may be 
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8 
formed at the same time. It will be apparent that diode cells for 
a recti?cation bridge may be separately formed through a 
typical semiconductor fabricating process. 

Then, the conductive wires 80-1 to 80-n for electrically 
connecting the N-type semiconductor layers 40 and the 
P-type semiconductor layers 60 of the adjacent light emitting 
cells 100-1 to 100-n are formed through a predetermined 
process such as a bridge process or a step-cover process. The 
conductive wires 80-1 to 80-n are formed of a conductive 
material such as metal, silicon doped with impurities, or a 
silicon compound. 
The bridge process is also referred to as an air bridge 

process, and this process will be described in brief. First, a 
photoresist is provided on a substrate having light emitting 
cells formed thereon, and a ?rst photoresist pattern having 
openings for exposing the exposed portion of the N-type 
semiconductor layer and the electrode layer on the P-type 
semiconductor layer is then formed using an exposure tech 
nique. Thereafter, a metal material layer with a small thick 
ness is formed using an e-beam evaporation technique or the 
like. The metal material layer is formed on entire top surfaces 
of the openings and photoresist pattern. Subsequently, a sec 
ond photoresist pattern for exposing regions between the 
adjacent light emitting cells to be connected to one another as 
well as the metal material layer on the openings is formed 
again on the ?rst photoresist pattern. Thereafter, gold is 
formed using a plating technique, and the ?rst and second 
photoresist patterns are then removed. As a result, wires for 
connecting the adjacent light emitting cells to one another are 
left, and all the other metal material layers and photoresist 
patterns are removed so that the wires can connect the light 
emitting cells to one another in the form of bridges as shown 
in the ?gures. 

Meanwhile, the step-cover process includes the step of 
forming an insulating layer on a substrate with light emitting 
cells. The insulating layer is patterned using lithographic and 
etching techniques to form openings for exposing the N-type 
semiconductor layer and the electrode layer on the P-type 
semiconductor layer. Subsequently, a metal layer for ?lling 
the openings and covering the insulating layer is formedusing 
an e-beam evaporation technique or the like. Thereafter, the 
metal layer is patterned using lithographic and etching tech 
niques to form wires for connecting the adjacent light emit 
ting cells to one another. It is possible to make various modi 
?cations to such a step-cover process. Upon use of the step 
cover process, the wires are supported by the insulating layer, 
thereby improving the reliability of the wires. 

Meanwhile, the P-type pad 90 and the N-type pad 95 for 
electrical connection with the outside are formed on the light 
emitting cells 100-1 and 100-n located at both ends of the 
LED chip, respectively. Bonding wires (not shown) may be 
connected to the P-type pad 90 and N-type pad 95. 
The aforementioned method of fabricating the LED chip of 

the present invention is only a speci?c embodiment and is not 
limited thereto. Various modi?cations and additions can be 
made thereto depending on features of a device and conve 
nience of a process. 

For example, a plurality of vertical light emitting cells each 
of which has an N-type electrode, an N-type semiconductor 
layer, an active layer, a P-type semiconductor layer and a 
P-type electrode sequentially laminated one above another 
are formed on a substrate, or light emitting cells having such 
a structure are arrayed by being bonded on the substrate. 
Then, the plurality of light emitting cells are coupled in series 
by connecting the N-type electrodes and P-type electrodes of 
the adjacent light emitting cells to one another, thereby fab 
ricating an LED chip. It will be apparent that the vertical light 
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emitting cell is not limited to the structure of the aforemen 
tioned example but may have various structures. Further, it is 
possible to form a plurality of light emitting cells on an 
additional host substrate by forming the plurality of light 
emitting cells on a substrate, bonding the light emitting cells 
on the host substrate, and separating the substrate using a 
laser or removing it using a chemical mechanical polishing 
technique. Thereafter, the adjacent light emitting cells can be 
coupled in series through Wires. 

Each of the light emitting cells 100 comprises the N-type 
semiconductor layer 40, the active layer 50 and the P-type 
semiconductor layer 60, Which are sequentially laminated on 
a substrate 20, and the buffer layer 30 is interposed betWeen 
the substrate 20 and the light emitting cell 100. Each of the 
light emitting cells 100 comprises the transparent electrode 
layer 70 formed on the P-type semiconductor layer 60. Fur 
ther, in case of a vertical light emitting cell, it comprises an 
N-type electrode located beneath the N-type semiconductor 
layer. 

The N-type pad and P-type pad are pads for use in electri 
cally connecting the light emitting cell 100 to an external 
metal Wire or bonding Wire, and may be formed as a laminated 
structure of Ti/Au. Further, electrode pads for connection to 
the Wires 80 may be formed on the P-type and N-type semi 
conductor layers of the light emitting cells 100. In addition, 
the aforementioned transparent electrode layer 70 distributes 
an input current such that the current is uniformly input into 
the P-type semiconductor layer 60. 

The LED chip described With reference to FIGS. 1 and 2 
has the array of light emitting cells 100 coupled in series 
through the Wires 80. However, there are various methods of 
coupling the light emitting cells in series. For example, light 
emitting cells may be coupled in series using a submount. 
FIGS. 3 to 5 are sectional vieWs illustrating arrays of light 
emitting cells coupled in series using submounts. 

Referring to FIG. 3, an LED chip 1000 has a plurality of 
?ip-chip type light emitting cells arrayed on a substrate 110. 
Each of the light emitting cells comprises an N-type semi 
conductor layer 130 formed on the substrate 110, an active 
layer 140 formed on a portion of the N-type semiconductor 
layer 130 and a P-type semiconductor layer 150 formed on the 
active layer 140. MeanWhile, a buffer layer 120 may be inter 
posedbetWeen the substrate 110 and the light emitting cell.At 
this time, an additional P-type electrode layer 160 for reduc 
ing the contact resistance of the P-type semiconductor layer 
150 may be formed on the P-type semiconductor layer 150. 
Although the P-type electrode layer may be a transparent 
electrode layer, it is not limited thereto. Moreover, the LED 
chip 1000 further comprises a P-type metal bumper 170 for 
bumping formed on the P-type electrode layer 150 and an 
N-type metal bumper 180 for bumping formed on the N-type 
semiconductor layer 130. Furthermore, a re?ective layer (not 
shoWn) having a re?ectivity of 10 to 100% may be formed on 
the top of the P-type electrode layer 160, and an additional 
ohmic metal layer for smooth supply of a current may be 
formed on the P-type semiconductor layer 150. 

The substrate 110, the buffer layer 120, the N-type semi 
conductor layer 130, the active layer 140 and the P-type 
semiconductor layer 150 may be formed of the substrate 20 
and the semiconductor layers described With reference to 
FIGS. 1 and 2. 
A submount 2000 comprises a submount substrate 200 

having a plurality of N-regions and P-regions de?ned 
thereon, a dielectric ?lm 210 formed on the surface of the 
submount substrate 200, and a plurality of electrode patterns 
230 for connecting adjacent N-region and P-region to each 
other. Further, the submount 2000 further comprises a P-type 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
bonding pad 240 located at an edge of the substrate, and an 
N-type bonding pad 250 located at the other edge thereof. 
The N-regions refer to regions to Which the N-type metal 

bumpers 180 in the LED chip 1000 are connected, and the 
P-regions refer to regions to Which the P-type metal bumpers 
170 in the LED chip 1000 are connected. 
At this time, a substrate With superior thermal conductivity 

is used as the submount substrate 200. For example, a sub 
strate made of SiC, Si, germanium (Ge), silicon germanium 
(SiGe), AlN, metal and the like can be used. The dielectric 
?lm 210 may be formed as a multi-layered ?lm. In a case 

Where the substrate is conductive, the dielectric ?lm 210 may 
be omitted. The dielectric ?lm 210 may be made of silicon 
oxide (SiO2), magnesium oxide (MgO) or silicon nitride 
(SiN). 
The electrode pattern 230, the N-type bonding pad 250 and 

the P-type bonding pad 240 may be made of a metal With 
superior electrical conductivity. 
A method of fabricating a submount substrate for an LED 

chip having ?ip-chip type light emitting cells constructed as 
above-mentioned Will be described beloW. 

Concave portions and convex portions are formed on the 
substrate 200 to de?ne the N-regions and the P-regions 
thereon. The Widths, heights and shapes of the N-regions and 
P-regions may be modi?ed variously depending on the siZes 
of the N-type metal bumpers 180 and P-type metal bumpers 
170 of the LED chip 1000 to be bonded thereon. In this 
embodiment, the convex portions of the substrate 200 become 
the N-regions, and the concave portions of the substrate 200 
become the P-regions. The substrate 200 With such a shape 
may be fabricated using a mold or through a predetermined 
etching process. That is, a mask for exposing the P-regions is 
formed on the substrate 200, and exposed portions of the 
substrate 200 are then etched to form the recessed P-regions. 
Then, the mask is removed so that the recessed P-regions and 
the relatively protruding N-regions are formed. Alternatively, 
the recessed P-regions may be formed by means of machin 
1ng. 

Then, the dielectric ?lm 210 is formed on the entire struc 
ture. At this time, the dielectric ?lm 210 may not be formed in 
a case Where the substrate 200 is not made of a conductive 
material. If a metal substrate With superior electrical conduc 
tivity is used to improve thermal conductivity, the dielectric 
?lm 210 is formed to function as a su?icient insulator. 
The electrode patterns 230 each of Which connects adja 

cent N-region and P-region in pair are formed on the dielec 
tric ?lm 210. The electrode patterns 230 may be formed 
through a screen printing method, or the electrode patterns 
230 may be formed by patterning through lithographic and 
etching techniques after an electrode layer is deposited. 
The P-type bumpers 170 of the LED chip 1000 are bonded 

to the electrode patterns 230 on the P-regions, and the N-type 
metal bumpers 180 thereof are bonded to the electrode pat 
terns 230 on the N-regions so that the LED chip 1000 and the 
submount substrate 200 are bonded together. At this time, the 
light emitting cells of the LED chip 1000 are coupled in series 
through the electrode patterns 230 to form an array of light 
emitting cells coupled in series. The P-type bonding pad 240 
and N-type bonding pad 250 located at both the ends of the 
array of light emitting cells coupled in series may be con 
nected through bonding Wires, respectively. 

The metal bumpers 170 and 180, the electrode patterns 
230, and the bonding pads 240 and 250 can be bonded 
through various bonding methods, e.g., a eutectic method 
using the eutectic temperature. 


















